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CHAPTER I 
THEORETICAL 
For Protecting organic compounds sensitive to homolytic decompostion, 
substances like the quinones find extensive use.'*' This use is based on the 
fact that they are able to inactivate, by "trapping," the free radical pro¬ 
ducts of such decomposition and thus prevent the occurrence of sustained 
2 
chain reactions which may lead to polymerization. Kharasch found that 
radical trapping ability is not limited to quinoid type structure. In 
studying the reactions of ketones with the methyl free radical, it was dis¬ 
covered that compounds of the type 
O 
H II H 
R-C-C-C-R 
R k 





in the presence of the methyl free radical, condense with themselves to 











^D. Cram, and G. Hammond, "Organic Chemistry," McGraw Hill Book Co., 
Inc., New York, 1959, 575. 
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METHYL OR HYDRO&fcN 
Here only high molecular weight non-crystalline polymers were produced. 
The following equations represent some of the reactions observed. 






Hl&H fOCïttER 2. 0-C-CHt-CH, 
O 
3. 0-C-CH, HIGH POLYMER 
3 
Kharasch theorizes that an activating effect, caused by direct attachment 
of the carbonyl group to the benzene ring, permits these molecules (2,3) to 
act as radical traps. These traps compete successfully with the aliphatic 
hydrogens for the methyl free radical. 
4 
McBay notes that the element of structure 
w 
' \ 
P~K WHERE A 2 N|0, e* S 
is common to radical traps. 
H « 
Two EXAMPLE» AiRt : 










He shows further that benzoate esters 
n « 
.OC '0:: 
/ ....Jr : 
*G ■C-C • 
\S ; ? tr \ 
9*% OR 
may function as radical traps. But he considers more fundamental the pos¬ 
tulate that: ... "any stable particle possessing an odd electron, or a 
3Ibid. 
4 
H. C. McBay and S. M. McBay, paper presented at 136th National 
A. C. S. Meeting, April, 1959. 
3 
covalent bond which readily succumbs to induced homolysis by the proximity 
of a free radical is a potential radical trap."^ Thus: 
I R» +■ R» -v R-R 
l. RH ♦ R- R° + RU ( vi* R H R ) 
3- 'C-A -*• R' «c-A® + R® oR o^-A-R 
T * 1 
Also proposed is a mechanism for the reaction of acetophenone with 
the methyl free radical which involves the production of a styrene oxide 
type intermediate, which, after a transitory existence, reacts with the 
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S. M. McBay, "Free Radical Mechanisms: The radical trapping abilities 
of some phenylketones and benzoate esters." (Unpublished Master's Thesis, 
Dept, of Chemistry, Atlanta University, 1957), pp. 24-26. 
4 
The purpose of the present investigation is to obtain evidence which 
should enable one to accept or reject the proposal for the production of 
the styrene oxide type intermediate in the reaction mixture, and hence to 
accept or reject the proposed mechanism. If the possibility and feasibi¬ 
lity of the production of the styrene-oxide intermediate can be demon¬ 
strated; and if styrene oxide can be shown to react with the methyl free 
radical to produce a polymer identical to the one obtained from aceto¬ 
phenone, then the mechanism moves a step nearer acceptance. If not, it 
must be rejected. 
Calculation of total bond energies for the molecules acetophenone 
and styrene oxide reveals that these values differ by only 6KCAL/M0LE 
(Acetophenone - 1820.9 KCAL/MOLE, Styrene Oxide 1814.9 KCAL/MOLE). 
Furthermore, observation of the structural formulae of these two compounds 
indicates that homolytic rupture of a strategic carbon-hydrogen bond in 
each of the two molecules would produce two radicals which are quite 
similar. Thus: 
()7flb RCAL/MOLE.) 
^Data from L. Pauling, "The Nature of the Chemical Bond, "3rd edition, 
Cornell University Press, Ithaca, New York, 1960, pp. 88, 189. 
5 
The relationship between (A) and (B) might be loosely interpreted as 
resonance; but their functional groups do not have the same configuration. 
g 
The dimensions of hybrid (A) will approximate those of a ketone , and those 
of hybrid (B), an epoxide. Selected dimensions of Ethylene Oxide, a type- 
cal epoxide, and Acetone, a typical ketone, are compared in table 1: 
TABLE 1 
COMPARISON OF BOND DIMENSIONS 












OCC BOND ANGLE 
C-C BOND DISTANCE 
C-0 BOND DISTANCE 
119.6*3° 
1.55 ±0.02 X 





*From G. L. Cunningham, et al. , J. Chem, Phys., 19_, 676,(1951). 
'From P. W. Allen, et al■ , Trans. Faraday Soc., 48, 991,(1952). 
The occ angle of the ketone is twice as large as that of the epoxide: It 
is unlikely that the radical forms (A) and (B), analogous to ketone and 
epoxide respectively, would be canonical forms of the same resonance 
hybrid. The A-B relation is more accurately described as an equilibrium; 
however, the similarity of total bond energies, together with the pos¬ 
sibility of resonance stabilization of each radical indicates that the 
equilibrium is very easily attained. This can easily be accounted for by 
However, the C-0 bond will be shorter than in a ketone, and the C-C 





visualizing the possible behavior of the radical O--»; as influenced 
by the following facts: 
a. It is highly excited: thus all its modes 
of motion will be exaggerated, including ^ 
 C 
that bending type motion which in the 
O 
% —GH£ system, causes the O-C-Cl^ 
bond angle to decrease and increase as 
the methylene carbon and oxygen atoms 
alternately approach each other and recede, 
b. The carbonyl carbon, the methylene carbon, 
and the oxygen are nominally in the same 
plane. 
/=\[\ 
The two canonical forms 4^ C . 
and o* =CHj. represent a hybrid with 
a pi electron cloud enveloping both 
carbons and the oxygen. 
Now under proper conditions of methylene carbon - oxygen interatomic dis¬ 
tance, there should be little resistance to a closing of the gap by the 
pi electron cloud to form a "ring" and produce the intermediate (A1) 




or, through formation of a methylene carbon - oxygen sigma bond, form the 
radical (B) and benefit its great resonance stabilization. Thus, the 
9 A«£B equilibrium, is quite feasible, and almost ideal. The equilibrium 
9 
This type of equilibrium should be possible as a result of e<-hy- 
drogen abstraction from compounds of the type where X = NH, 
0, or S. \ 
CVK 
7 
displacement direction (AT^B or A-t-fB) will probably depend on the respec¬ 
tive reactivities of (A) and (B) toward other substances present in the 
system. 
It follows that if the appropriate radicals can be generated, the high 
resonance stabilization of the hybrids (as indicated by the similar cal¬ 
culated energy levels of the numerous canonical forms) and the ideal equi¬ 
librium condition should permit polymerization to take place by the pro¬ 
posed mechanism,^ that is, there should be no great energy barrier to the 
proposed transformation. 
The approach chosen here was that of exciting each of the systems to 
various energy levels for the purpose of instructive observation. Since the 
use of ultraviolet light for catalytic and photosentization purposes has 
proven enlightening when applied to many different types of systems,^ it 
12 
was immediately chosen. The use of gamma irradiation from Cobalt 60 and 
13 
Cesium 137 was also engaged as a higher energy-level source. However, 
due to the inaccessibility of the sources it was used to a lesser extent. 
Therefore, the observations made and conclusions drawn here were based on 
use of ultraviolet irradiation. 
The chemical literature was reviewed to gain information on what rad- 
cals could be produced from photolysis of acetophenone and styrene 
McBay, op. cit. , pp. 24-26 
■^G.K. Rollefson and M. Burton, "Photochemistry and the Mechanism of 
Chemical Reactions," Prentice-Hall, New York, N. Y., (1939). 
12 
This source is located at the Laboratories of the Carbide and Carbon 
Chemical Co., Cleveland, Ohio. 
13 
This source is located at the Radiation Laboratory, Georgia Insti¬ 
tute of Technology, Atlanta, Georgia. 
8 
oxide. In a vapor phase photolysis of acetophenone,^ the formation of the 
following radicals has been either proven or indicated: 
o 
|. PHENYL o- 1. BENIOTL 5. ritTHTL CH| 
l- PHEN ACYL d)~c CHff A-. RtENYtnerHYt^HE 
The occurrence of the phenacyl radical is interesting because there is 
no direct evidence of its occurrence during reactions of acetophenone with 
15 
the methyl free radical. Also of interest is the production of the di¬ 
radical CK from the parent ketone in a photochemically 
16 
initiated reductive dimerization in isopropyl alcohol to give the glycol 
OCH* 
This suggests that a similar radical is possible from acetophenone. 
In the work reported here, the exposure of acetophenone in n-heptane solu¬ 
tion to the light of the full mercury arc^ gave as products a crystalline 
solid which was identified as 2,3,-diphenyl -2,3-dihydroxy -n-butane, and 
an amorphous polymer of molecular weight 411, whose infrared spectrum was 
determined. There were no gases evolved from the system during this photo¬ 
lysis. 
14 
H. Glazebrook and T. Pearson, J. Chem.Soc., 589, (1939). 
Kharasch, H.C. McBay, and W.H. Urry, J.Am. Chem. Soc. 70, 
1269, (1948). 
16 
C. C. Arrington, (Unpublished Master's Thesis, Department of Chem¬ 
istry, Atlanta University, 1960). 
^Adapted from a procedure used by E. Bowen and R. De La Praridiere, 
J. Chem. Soc., 1503, (1934). 
9 
The production of this glycol from acetophenone strongly suggests the exist¬ 
es ° 
ence of the diradical ^ - C—cK3 its abstraction of a hydrogen atom 
from a suitable source, and its subsequent dimerization. The possible 
hydrogen sources are two: The hydrocarbon solvent, and unreacted aceto¬ 
phenone molecules. The more likely of these is acetophenone. Its ali¬ 
phatic hydrogens are rendered more labile by the influence of the adjacent 
carbonyl group. 
The following reaction sequence is proposed to account for the pro¬ 
ducts isolated and reported: 
1) Primary Process: 
o 0 
1 CH-"* ^ <Q~9-ctS 
2) Hydrogen Abstraction 
* 
CH
I~c"0 O- °~ 
3) Dimerization of (A) 
_ CH;, CH; __ 





? C|H ’ 
0"c'CHi‘+ °~\ 
O CH* CH„ 
b. rf)-C-CHr-0-O> +■ 0=0 
r l L 0 0 
ÇHa CHj 
d>-c-cH—o-c-o—co ... 
^ L JL 0 0 
Nothing about photolysis of styrene oxide was uncovered in reviewing 
18 
the literature. However, if as proposed, it is capable of losing a 
hydrogen atom to form initially a canonical form of the same resonance 
hybrid which could be approached from the acetophenone radical and sub¬ 
sequent equilibrium; then it should give some of the same products 
18 See pp. 4-6, this thesis. 
10 
as acetophenone under the same reaction conditions. Styrene oxide was 
photolyzed under conditions identical with those described above, and from 
this reaction was obtained a small amount of gas which was identified as 
19 
hydrogen, and an amorphous polymer of Molecular Weight 453, whose infra¬ 
red spectrum was determined. The reaction scheme proposed for formation of 
these products follows: 
1) Primary Process: 
2) Hydrogen Abstraction: 
© 
V, /rfH GC, 
G 
This prolongs rather effectively the half-life period of ^~CH* 
- — ? 
while at the same time converting to a5 —CHj, . Now with 
A 
an 
abundance of ^ CHi in the photolysis cell, the bulk of the 
O N—1 
is selectively attacked in the following fashion to form what 







Il I “ 
<2)-C—CH-O-C» 
The reaction to form this polymer from the epoxide is slower than the 
same reaction forming this polymer from acetophenone because of the greater 
19 
This required a special technique which was devised here and which 
is described in detail in the experimental part. 
11 
O 
concentration of c—CHt than O C CW3 produced by the epoxide 
system. There must be evolved a trace of hydrogen gas as a result of the 
initiatory excitation by UV light; yet the polymer unit should be obtained 
from acetophenone than from styrene oxide because the intermediate long-life 
phenone and polymer from styrene oxide) shows that, while they are not 
identical, they do show broad and striking similarities which cannot be 
attributed to coincidence: at 5.78Pfor the epoxide polymer (B) , and 5.85P 
for that from acetophenone (A) exist aromatic keto peaks of moderate inten¬ 
sity; 9.35/1 , intense ether peaks (-C-0-C-) of approximately equal height 
occur. One difference, however, results in the methyl peaks (CH^-C-) at 
3.4P and 6.8P being stronger in the spectrum of the acetophenone polymer 
than the corresponding peaks for styrene oxide. One conclusion which can 
be drawn from the evidence presented is that the postulated homolytic 
rupture of a carbon-hydrogen bond does occur and that the organic radicals 
(by virture of the fact that they form very similar polymeric products) 
might represent canonical forms of, or are easily converted to the same 
resonance hybrids. When examined in the light of this evidence, 
20 
This comparison was made using a chart of characteristic functional 
groups frequencies: N.B. Colthop, J. Opt. Soc., 40, 6, 391, (1950). 
21 
Spectra determined by Truesdail Laboratories, Los Angeles, Califor¬ 
nia (See Figs. 1 & 2.) 
in higher molar quantity than the hydrogen gas. A higher yield is obtained 
o 
swamped with the very good trap acetophenone and can 
thus initiate more chains. 
90 21 
Comparison u in figure 1 of the two spectra (polymer from aceto- 
22 






McBay's reaction scheme seems even more feasible because her "Pi Complex" 
o 
2 CH^  C-CH3 probably produces one of the resonance forms 
which could react further with the methyl free radical and 
acetophenone to produce the polymer. Now since the polymeric products 
resulting from acetophenone and styrene oxide were similar when ultraviolet 
light was used as an excitory agent, then the behavior of the same two com¬ 
pounds under the influence of the methyl free radical also merits study. 
It has been suggested^ that the acetophenone produced a polymer of 
CKj ÇH3 
structure CK^-O-CH^-GH-O-C-O-G-when exposed to the methyl radical. This is a 
& Çi Çf> 
polyketal, and should be susceptible to acid hydrolysis: 
OU, CH, 0 CHig, 
CHrO-CHrCH-O-lt-o-i,...- ■«— CHs-O-CHrCH-o-C-q-C • 
’ 1 1 l ( a 1 * 1, H i 
<fi <fi (p <P <p <p 
CttOCMr-CH-O-C-S-è ■ ■■+£- CHj O-CHJJCH-OH + 
^ "I “ 1 K l L 
The product from HC1 hydrolysis of a sample of this material gave a pos¬ 
itive test with 2,4- dinitrophenylhydrazine, but would not melt sharply. 
Thus there were ketal linkages present. The failure to obtain a sharp 
melting point for the derivative may have been due to incomplete hydrolysis, 
yielding an impure product. Under the same reaction conditions styrene 
oxide reveals two interesting possibilities of polymeric structure as 
products : 
ÇW3 ?= 
©<j:-OH ^ C-O 
0 ^ 
CH3 








. H , / \ 
b. 0>-C-cH* + CHX 
14 





O CH, ÇHS 








O CH? 0*3 
^ U _ f ' 
0-C-CH^O-C-O —C 
0 
II a. 0'£~W + CW,» -V- 0-CH-CHJ-O-CH, 
CH b. CHrO'CH^ë* -f H/-Ç-0 —► CHyC.-CH2-Ç-0-CHrÇ< I '1 
0 0 0 
O y \ u || u 
c. CUfO-CHj,-^ -O-CHj-C4* + HJ,C-C-4 —CHf'0-cH£-Ç-0-CH-Ç-0-CHrC" ■ 
0 0 0 0 0 
If the action of the ultraviolet photon on styrene oxide can be used 
as a criterion, then one would expect the methyl free radical to abstract 
the tertiary hydrogen and proceed via route (I). This reaction has been 
carried out, but the residue has not been analyzed. However, the evolution 
of methane gas indicates that the product would be similar to that resul- 




Acetophenone: Eastman Kodak white label, distilled 
through a twenty plate fractionating 
column at reduced pressure: 
b.p. (d 2 mm 58-59°C, N^° 1.5333 
Styrene oxide: Eastman Kodak white label, distilled 
through a twenty plate fractionating 
column @ reduced pressure: 
b.p. @ 0.1 mm 41°C, N^0 1.5346 
n-Heptane: Eastmen Kodak practical grade, dis¬ 
tilled through a twenty plate frac¬ 
tionating column off of sodium. The 
fraction boiling at 97-99°C was col¬ 
lected at atmospheric pressure (740 mm) 
Ultraviolet Irradiation of Styrene Oxide- 
Identification of Products 
The apparatus (figure 2) consisted of a custom built three-necked 
flask (A), which was fitted with a side arm reflux condenser (B) leading 
through a drying tube to an inverted three-liter flask filled with water 
(C). A thermometer well (D) was used to facilitate temperature measurement. 
The large neck of the flask was fitted with a water cooled quartz immersion 
25 
well (E) designed to hold the Mercury vapor lamp (F). A line-operated 
25 
Hanover Mercury Vapor Lamp Number 679A0360, Engelhard Industries, 
Inc., Hanovia Lamp Division, Newark, New Jersey. 
15 
FIGURE 2 
ULTRAVIOLET IRRADIATION APPARATUS 
17 
transformer delivered 135 volts A.C. to the lamp. Stirring was done mag¬ 
netically (G) . 
Procedure: 2.5 1. of 0.5N styrene oxide (150.2g) in n-Heptane was 
irradiated by the full mercury arc, with vigorous stirring, for twenty- 
o 
four hours. The temperature reached 31 C. The solution remained colorless. 
A test for the carbonyl group (with Hydroxylamine Hydrochloride) proved neg¬ 
ative. Seven-hundred fifty ml. of gas was collected at 27°C water tem¬ 
perature and 738 mm pressure. Two grams of a brownish solid material 
which had collected on the immersion well was scraped off, put into acetone 
and precipitated with ethanol. The n-heptane was distilled off the ir¬ 
radiated solution using an eight-inch vigreux-type column, and the unreacted 
styrene oxide (135.3g.) was removed at reduced pressure (b.p.:45°/0.5 mm, 
: 1.5441). The amber colored residue (5g), which solidified on stand¬ 
ing, was combined with the solid scraped from the immersion well. A second 
attempt at recrystallization produced an amorphus amber solid melting from 
95-112°C with decomposition. A carbon-hydrogen analysis gave: 
The molecular weight was determined as 453 (ebullioscopic in benzene). 
The infra-red spectrum of this material was also determined. Its inter¬ 
pretation appears in chapter 1. 
The gas collected was analyzed as follows: 
A. The gas collected over water was evaluated for molecular weight by 
26 
the Régnault method, using a vacumn line. The average colecular weight 
F. Shriner, R. Fuson and D. Cason, "Systematic Identification of 
Organic Compounds," 4th edition, Wiley & Sons, New York, New York, 1956. 
18 
obtained was 30.16. This indicated that his gas, which was not condensed 
by liquid nitrogen, was mostly air which had been forced from the reaction 
vessel. 
B. Using a train (figure 3) especially designed for that purpose, the 
gas which had been trapped in the reaction vessel was driven, in a stream 
of oxygen, over a hot platinum contact catalyst (a) to determine if it were 
hydrogen. N-Heptane was added through the top of the condenser on the ir¬ 
radiation set-up, providing the driving force to push the gas from the ir¬ 
radiation vessel through the combustion system. Moisture and hydrocarbons 
were prevented from entering the combustion tube (c) by a liquid nitrogen 
cooled trap, (b). A previously weighed anhydrone tube (d) was attached to 
the end of the combustion tube to absorb water formed by the combustion of 
the suspected hydrogen. The absorption tube was protected by an anhydrone 
filled guard tube (e), which was attached to a Mariotte bottle (used to 
measure the rate of flow of exit gases). The train was "burned out" in a 
stream of dry oxygen for thirty minutes before the determination was made. 
Four-hundred fifty ml. of n-Heptane was used to displace the gas. The 
weight of water collected (0.3015g) is equivalent to 0.03372g of Hydrogen, 
which would occupy 0.376 1. at S.T.P. Thus most of the gas in the reaction 
vessel was hydrogen. 
Ultraviolet Irradiation of Acetophenone; 
Identification of Products 
The irradiation apparatus is the one described in figure 2. Two and 
one-half 1. of 0.5N Acetophenone (150.2g) in n-Heptane was irradiated by 
the full mercury arc with vigorous mechanical stirring. At the end of 
twenty-four hours, the solution had turned a deep straw color and a very 
FIGURE 3 
HYDROGE.H MM-YSIS TRM N 
-f- REACXlos \IE§5EL Gfts 
20 
slight deposition was noted on the immersion well. The temperature had 
risen to 33°. No gases were collected. The solvent (n-Heptane) was re¬ 
moved by distillation at atmospheric pressure and the unreacted aceto¬ 
phenone (40.2g - b.p. 40-45° @ 0.3 mm 1.5320)^ was removed at re¬ 
duced pressure through an eight-inch vigreux type column. The reddish 
residue was distilled at reduced pressure (0.5mm) and five fractions col¬ 
lected: 
TABLE 2 
BOILING RANGES aND WEIGHTS 
OF REaCTION PRODUCTS 
Fraction 
Number b.p. (°C) 
Weight 
(g.) 
1 54-104 2.1 
2 104—(130-135) 28.8 
3 134-145 15.9 
4 145-146 24.2 
5 5 145-130* 11.8 
82.8 
*The temperature dropped as the distilla¬ 
tion rate diminished. 
The residue weighed 24.7g. The last four fractions, upon standing, 
showed varying degrees of crystallization from slight (2) to almost total 
(5). All of the liquids, as well as the solids, were pale yellow in color. 
The residue was a brown solid soluble, in decreasing order, in Ligroine, 
Ether, Acetone, and Ethanol. The crystals formed in the distillate were 
? 7 This is lower than the 1.5333 reported for the pure Acetophenone. 
The difference might be attributed to poor separation of the unreacted 
Acetophenone from the polymerized product and/or n-Heptane. 
21 
crudely separated from the yellow oil by filtration through a sintered 
glass filter. They were extremely soluble in Ethanol but only sparingly 
soluble in Ligroine. Recrystallization from ether produced salt-like crys¬ 
tals melting from 88-91°. Recrystallization from methanol and water gave 
o 28 
eighth-inch needle-like crystals (49.3g) melting sharply at 116°C . The 
29 
following qualification tests were made: 
Solubility Class - ^ 
Functional Group 
1. Alcohol 
a. With Benzoyl chloride: produced an oil which gave 
a positive ester test with Hydroxamic Acid. 
b. With Ceric Ammonium Nitrate: quick decloriza- 
tion of solution indicating an easily oxidizable 
group. 
2. Carbonyl 
a. With Hydroxylamine Hydrochloride-negative 
b. With 2,4-Dinitrophenylhydrazine-negative 
3. Unsaturation-With Br+CCl.-negative 
2 4 
4. o<-Glycol, With Periodic Acid-positive 
The compounds is an ec-glycol. The most highly probable glycol to be 
derived from the acetophenone reaction system would be 2,3-dihydroxy 2,3 
diphenyl-n-butane; which occurs in two isomeric forms: meso and racemic. 
The listed melting points'^ are: Meso 118°C, Racemic 45°C. The crystals 
28 On cooling, the solution formed what appeared to be a collodial 
suspension. After standing for two days, however, the system resolved 
itself into clumps of needle like crystals, a small amount of yellow oil, 
and a clear "mother Liquor." 
29 According to R. Shriner, R. Fuson, and D. Cason, op, cit. 
30 
M. Kharasch and S. Reinmuth, "Grignard Reactions With Organometallic 
compounds," Prentice-Hall, New York, New York, 1954, p. 375. 
22 
derived from the acetophenone were analyzed as follows: 
Calculated for C.-H„_0o Found 
16 20 2 244.2 
Mw 242.3 Mw-(Rast Camphor Method) 252.1 
%C 79.31% % 79.17 
%H 7.49% H 7.43 
31 
addition of these crystals to an authentic sample of the meso form 
of the glycol did not depress the melting points. This indicated that these 
crystals are the high melting (meso) form of the compound, n. small amount 
of the low melting form (racemic) was isolated, with great difficulty, 
after elution chromatography and "freezing out” from methanol at -80°C. 
The column (30 cm long and 2.5 cm. inside diameter) was packed with activa¬ 
ted alumina wetted with anhydrous methanol. Five grams of the yellow oil 
from fraction (4) of the irradiation products distillation were put on the 
column and eluted with 25 ml portions of: methanol, methanol-isopropanol 
(1:1), isopropanol, isopropanol-benzene (1:1), and benzene. Each solvent 
was evaporated on a steam bath and the residues, if any, were solvated with 
methanol and cooled to the temperature of "dry ice." The second fraction 
of eluate yielded crystals (2.3g) melting, after recrystallization from 
methanol and water, at 44-45 C. When added to an authentic sample-3^ of the 
racemic form of the glycol (2,3-dihydroxy, diphenyl, n-butane), no melting 
point depression was observed. 
The glycol sample obtained from the photolysis of acetophenone was 
also subjected to lead tetraacetate oxidation. The procedure outlined 
31 
Obtained through the courtesy of C. C. torrington who prepared them 






by English and Baker was modified to the following: lead tetraacetate 
(14g, 0.032 mole), prepared according to Dimroth and Schweiser^ was sus¬ 
pended in 300 ml of dry benzene and added slowly from a dropping funnel to 
a solution of the glycol in dry ether (50 ml of ether, 7.74g of glycol) 
mixed with 50g of anhydrous CaCO^, with vigorous stirring. The reaction 
vessel was a 500 ml three-necked flask fitted with a mercury-sealed stir¬ 
rer. The reaction took place at room temperature, and was catalyzed by Ig. 
of methanol. The mixture was stirred for one hour after the addition was 
complete. The reaction mixture was then added to 500 ml of water and the 
two layers separated. A test was made on a small portion of the benzene 
layer with 2,4-dinitro phenylhydrazine. It proved positive for carbonyl. 
The benzene was removed from the oxidation products by suction. The res¬ 
idue was taken up in ether and dried over CaCl^. The ether was evaporated 
and the oxidation product distilled through an eight-inch vigreux type 
column (b.p.-42° @ 0.5 mm, 1.5331). The product weighed 5.2g. A 2,4- 
dinitro phenyhydrazone was prepared. It melted from 246-248°. This com¬ 
pleted the Identification of the crystalline product. 
The polymeric residue from the irradiation of acetophenone was pur¬ 
ified by extraction with methanol for thirty hours in a liquid-liquid con¬ 
tinuous extractor, to remove any traces of crystalline glycol which might 
have been trapped there. The molecular weight of the polymer thus purified 
was determined (ebullioscopic in benzene) to be 411. Carbon-hydrogen ana¬ 
lysis followed: 
■^J. English and G. Baker, J.Am. Chem. Soc. 71, 3312, (1949). 
34 
Dimroth and Schweiser, Ber., 5jS, 1375, (1923). 
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Calculated for (CgHgO)n Found 
7„C 79.99 %C 81.02 
7oH 6.71 7oH 6.92 
Its infra-red spectrum was determined and is interpreted in the Chapter 1 
of this thesis. 
Gamma Ray Irradiation of Styrene Oxide and Acetophenone 
Styrene oxide (10.3g) in a "break-seal" sample tube was exposed to 50 
megarads from a Cobalt source. A carbonyl group test was negative. A 
vapor denisty molecular weight determination on the gas that was trapped 
above the liquid, produced a valve of 26.65 (average) suggesting that a 
small amount of hydrogen might have been released. (This would have re¬ 
duced the average "molecular weight" of the mixture from that of air to 
some lower value). Exposure of 10.3g of acetophenone also gave no change 
in the refractive index (1.5333 before, 1.5329 after). The molecular weight 
of this trapped gas was 28.81 (average). It was probably air and indicated 
no reaction. 
Decomposition of Acetyl Peroxide in Styrene Oxide 
The diacetyl peroxide was made according to the method of Kharasch and 
35 
McBay . The decomposition was carried out in an apparatus similar to the 
36 one described by Groves. Acetyl peroxide (26.7g) in styrene oxide (213.lg) 
was slowly added beneath the surface of 33.5g of styrene oxide at 122 - 3°C. 
"^M.S. Kharasch, W.H. Urry & H.C. McBay, J. Org. Chem. 10, 394, (1945). 
36 
P.T. Groves, (unpublished Master s Thesis, Department of Chemistry, 
Atlanta University, 1954). 
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Methane (3.491g, 0.137 mole) was collected over water at 28°C. The system 
was swept with dry air until all CO^ released had been absorbed in the soda 
lime tube. The soda lime tube gained 9.4 grams. Methyl acetate (1.6g, b.p. 
54-57) was collected in the cold trap. The unreacted styrene oxide was 
stripped from the residue at reduced pressure yielding two fractions: One, 
boiling from 35-44°C @ 0.5mm, weighed 110.lg : the other boiled at 44-45°C 
@0.5 mm and weighed 77.9g. The reddish brown residue (20.3g) was dissolved 
in methanol and brought out of solution with water. It was dried over 
P2O5 in an Abderholden pistol at reduced pressure to prepare it for an 
infrared spectral determination. 
Hydrolysis of Gunk From Acetophenone vs. CH^. 
Five-hundred mg. of the gunk^ was added to 22.5g. of benzene in a 50 ml 
round-bottom flask fitted with a reflux condenser. Two and one-half ml. of 
2N HC1 was added and the mixture refluxed for twenty-four hours (The ben¬ 
zene: water azeotrope is 911:89 and boils at 69.3°C). The organic layer 
was decanted, and a small portion tested for carbonyl with the 2,4-dinitro- 
phenylhydrazine reagent. Positive. The benzene was removed by reduced 
pressure distillation at a water pump. The residue was dissolved in meth¬ 
anol, and an excess of 2,4-dinitrophenylhdrazine added. A voluminous 
yellow-orange precepitate formed immediately. This was isolated by filtra¬ 
tion, and air-dried. This derivative began melting at 170°C (2,4-dinitro- 
phenylhydrazine melts at 198°C, and its acetophenone derivatice at 250°). 
Obtained from Dr. H.C. McBay, Chemistry Department, Atlanta 
University. 
SUMMARY 
Theory and experiments have been presented to support the postulate 
that free radicals from acetophenone and styrene oxide can react to produce 
similar products under similar conditions. 
